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(54)  BURNING/MELTING  METHOD  OF  WASTE  MELTING  FURNACE 

(57)  A  melting  method  for  waste  in  which  charging 
material  uniformly  moves  down  in  the  cross-sectional 
direction  thereof  to  prevent  occurrence  of  failure  in 
waste  moving  down  or  to  minimize  deterioration  in  heat 
exchange  between  waste  and  gas  by  locally  concen- 
trated  gas  flow,  a  melting  condition  of  the  waste  can  be 
stabilized  and  a  dispersion  of  a  waste  treating  rate  can 
be  restrained  regardless  of  the  waste  composition,  by 
arranging  a  plurality  of  lower  tuyeres  up  and  down  in  the 
burning  and  melting  zone,  mainly  burning  carbonic 
massive  combustible  material  by  feeding  burning  sup- 
port  gas,  and  arranging  a  plurality  of  upper  tuyeres  up 
and  down  at  the  upper  position  of  the  lower  tuyeres, 
wherein,  at  the  time  of  burning  part  of  waste  by  feeding 
burning  support  gas,  the  burning  support  gas  per  waste 
one  ton  is  fed  to  be  equivalent  to  130  to  600  Nm3  of  oxy- 
gen  content,  the  support  gas  feeding  rate  from  the 
upper  tuyeres  is  0.2  to  0.8  of  the  total  quantity  of  the 
lower  and  the  upper  tuyeres,  and  further  the  oxygen 
feeding  rate  from  the  lower  tuyeres  is  controlled  to  not 
less  than  0.8  time  of  the  theoretical  oxygen  quantity  of 

carbonic  massive  combustible  material  so  that  the 
exhaust  gas  temperature  at  the  upper  position  over  the 
waste  charged  layer  is  1  50  to  700°C. 

F  i  g.  1 

EXHAUST  GAS 

AIR  +  OXYGEN 

Printed  by  Xerox  (UK)  Business  Services 
2.16.3/3.4 



EP0  846  919  A1 

Description 

TECHNICAL  FIELD 

5  The  present  invention  relates  to  an  optimum  method  of  disposing  of  waste  to  be  reprocessed,  such  as  general 
waste  and  industrial  waste,  in  a  waste  melting  furnace  and,  more  particularly,  to  a  burning  and  melting  method  by  which 
the  operation  of  the  waste  melting  furnace  can  be  stabilized  even  if  the  composition  of  the  waste  is  changed  and  further 
the  method  can  be  applied  to  the  disposal  of  various  compositions  of  waste  and  furthermore  the  method  can  be  applied 
to  wide  area  waste  disposal  and  to  the  disposal  of  incineration  residue,  reclaimed  waste  and  sludge  when  they  are  dis- 

10  posed  of  in  the  same  waste  melting  furnace. 

BACKGROUND  ART 

Recently,  there  have  been  proposed  a  large  number  of  systems  in  which  waste  produced  in  cities  is  disposed  of  by 
15  means  of  thermal  decomposition.  Further,  there  have  been  proposed  a  large  number  of  shaft  furnaces  in  which  the  res- 

idue  of  thermal  decomposition  is  melted  so  as  to  decrease  the  volume  of  residue  and  further  decrease  the  quantity  of 
hazardous  components.  Japanese  Examined  Patent  Publications  (Kokoku)  No.  46-34349  and  No.  52-24790  propose 
the  leading  technology  in  this  technique.  Referring  to  Fig.  1  ,  the  melting  type  thermal  decomposing  waste  disposal  sys- 
tem  disclosed  by  the  above  patent  publications  will  be  explained  below.  Fig.  1  is  a  view  showing  a  reaction  in  the  burn- 

20  ing  and  melting  furnace.  Waste  and  coke  are  charged  into  the  shaft  section  1a  from  the  input  port  (charging  port)  1  1 
arranged  on  the  furnace  top.  While  the  thus  charged  waste  and  coke  are  forming  charge  layers  (packing  layers)  in  the 
furnace,  they  move  down  successively.  While  they  are  moving  down,  waste  is  successively  melted  by  the  action  of  reac- 
tion  gas  (thermally  decomposed  gas)  that  rises  upward  in  the  furnace.  Exhaust  gas  produced  in  this  treatment  is  trans- 
ferred  from  the  exhaust  gas  pipe  (duct)  12,  arranged  adjacent  to  the  charging  port,  to  an  exhaust  gas  treatment 

25  apparatus  not  shown  in  the  drawing.  In  this  exhaust  gas  treatment  apparatus,  heat  in  the  exhaust  gas  is  recovered  and 
the  exhaust  gas  is  subjected  to  gas  treatment.  Specifically,  trash  that  has  been  charged  into  the  furnace  from  the  input 
port  1  1  accumulates  in  the  shaft  section  1a.  Water  is  removed  from  the  waste  in  the  uppermost  section  6  of  the  shaft 
section  1a.  The  lower  shaft  section  and  the  bosh  section  5  compose  a  thermal  decomposing  zone  7.  In  the  lower  sec- 
tion  of  the  thermal  decomposing  zone,  there  exists  a  large  quantity  of  char  which  is  made  of  carbide.  Carbonic  massive 

30  combustibles,  which  will  be  referred  to  as  coke  in  this  specification  hereinafter,  such  as  coke  and  coal  are  burned  by  the 
action  of  a  burning  support  gas  that  has  been  fed  from  tuyeres.  This  portion  of  the  furnace  in  which  the  combustibles 
are  burned  is  referred  to  as  a  burning  and  melting  zone  8.  Since  the  melted  slag  and  iron  are  reserved  in  the  basin  13, 
they  are  intermittently  discharged  from  the  slag  discharge  holes  (not  shown  in  the  drawing),  which  are  arranged  close 
to  the  basin  13,  when  the  slag  discharge  holes  are  opened  by  drills  and  others.  After  slag  has  been  discharged  from 

35  the  furnace,  the  slag  discharge  holes  are  closed  with  mortar  or  the  like.  Reference  numeral  10  is  called  a  hearth  section 
as  a  general  term  when  it  is  compared  with  the  reference  numerals  5  and  1  a.  Exhaust  gas  produced  in  the  process  of 
burning  and  thermal  decomposition  is  discharged  from  the  duct  12. 

After  waste  has  been  charged  into  the  furnace,  it  is  treated  in  the  three  steps  of  drying,  thermal  decomposition  and 
burning  melting.  If  the  waste  is  not  sufficiently  dried,  waste  containing  a  large  quantity  of  water  enters  the  burning  and 

40  melting  zone.  As  a  result,  temperature  in  the  burning  and  melting  zone  is  remarkably  lowered.  Accordingly,  it  is  neces- 
sary  to  simultaneously  provide  the  following  two  functions.  One  is  to  provide  a  sufficiently  large  quantity  of  heat  to  dry 
the  waste  charged  into  the  furnace,  and  the  other  is  to  provide  a  sufficiently  large  quantity  of  heat  to  melt  the  waste  so 
as  to  occur  the  pyrogenetic  reaction. 

In  this  connection,  an  example  of  waste  produced  in  a  city  contains  combustibles  47.4%,  garbage  26.6%,  rubber 
45  and  plastics  8.0%,  and  incombustibles  1  8.0%  (wet  base).  In  this  case,  the  water  content  in  waste  is  40  to  60%.  Accord- 

ingly,  when  the  melting  type  thermal  decomposing  furnace  is  used,  it  is  necessary  to  remove  water  from  waste  for  the 
above  reasons. 

According  to  the  technique  disclosed  in  Japanese  Examined  Patent  Publication  (Kokoku)  No.  60-11766  which  is 
the  prior  art  in  this  technical  field,  it  is  impossible  to  stably  operate  the  burning  and  melting  furnace  in  the  case  of  a 

so  change  in  the  composition  of  the  usual  waste,  wide  area  disposal  waste,  reprocessing  incineration  residue  from  other 
incineration  equipment,  or  mixing  process  with  reclaimed  waste,  sludge  or  the  like  in  the  same  furnace. 

The  reasons  are  as  follows.  When  the  ratio  of  either  water  or  incombustibles  is  high,  it  is  necessary  to  increase  the 
quantity  of  coke  which  is  an  auxiliary  fuel,  and  further  it  is  necessary  to  increase  a  quantity  of  oxygen  gas  to  be  fed  from 
the  lower  tuyeres  in  accordance  with  the  increase  in  the  quantity  of  coke.  On  the  contrary,  when  a  ratio  of  combustibles 

55  is  high,  in  order  to  operate  the  furnace  stably  and  effectively,  it  is  necessary  to  decrease  a  quantity  of  coke  and  increase 
a  quantity  of  waste  to  be  burned  by  the  upper  tuyeres. 

According  to  Japanese  Examined  Patent  Publication  (Kokoku)  Nos.  63-3207  and  2-606,  there  has  been  disclosed 
a  method  in  which  a  quantity  of  carbonic  combustibles  to  be  fed  into  the  furnace  and  a  quantity  of  gas  containing  oxygen 
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to  be  fed  onto  the  hearth  of  high  temperature  are  controlled  in  order  to  maintain  the  oxygen  concentration  in  an  upper 
portion  of  the  charged  layer  to  be  approximately  zero  and  also  maintain  the  exhaust  gas  temperature  to  be  700  to 
1200°C.  Also,  there  is  disclosed  a  method  in  which  a  quantity  of  waste  to  be  charged  into  the  furnace  is  controlled  in 
order  to  maintain  the  exhaust  gas  temperature  in  an  upper  portion  of  the  charged  layer  to  be  400  to  1200°C. 

5  In  the  former  case,  in  which  the  upper  tuyeres  are  arranged,  it  is  impossible  to  apply  the  method  as  it  is.  That  is,  it 
is  impossible  to  operate  the  furnace  stably  only  when  a  quantity  of  carbonic  combustibles  and  a  quantity  of  gas  contain- 
ing  oxygen  to  be  fed  onto  the  hearth  of  high  temperature  are  controlled.  (According  to  the  present  invention,  gas  con- 
taining  oxygen  is  fed  onto  the  hearth  of  high  temperature  from  the  lower  tuyeres.)  The  reason  why  it  is  impossible  to 
attain  a  stable  operation  of  the  furnace  is  described  as  follows.  When  only  the  quantity  of  carbonic  combustibles  and 

10  the  quantity  of  oxygen  gas  fed  from  the  lower  tuyeres  are  controlled,  only  the  burning  and  melting  condition  is  changed. 
Therefore,  in  the  case  of  waste,  the  quantity  of  combustibles  of  which  is  large,  it  is  impossible  to  maintain  a  quantity  of 
waste  to  be  burned  by  the  upper  tuyeres  at  an  appropriate  value.  Accordingly,  a  stable  operation  can  not  be  carried  out. 

In  the  latter  case,  in  which  the  packed  layers  in  the  drying  zone,  the  thermal  decomposing  zone  and  the  burning 
and  melting  zone  are  formed  and  the  upper  tuyeres  are  arranged,  it  is  impossible  to  apply  the  method  as  it  is.  Since  a 

15  quantity  of  waste  to  be  fed  is  determined  by  the  total  of  the  disposing  speeds  in  the  drying  zone,  the  thermal  decom- 
posing  zone  and  the  burning  and  melting  zone.  Therefore,  unless  the  quantity  of  waste  to  be  burned  by  the  upper  tuy- 
eres  is  controlled  to  be  an  appropriate  value,  it  is  impossible  to  adjust  the  temperature  of  exhaust  gas. 

DISCLOSURE  OF  INVENTION 
20 

According  to  the  prior  art,  concerning  waste  which  contains  combustibles,  the  temperature  of  the  incombustibles 
which  move  down  to  the  zones  of  drying,  thermal  decomposition  and  burning  melting,  and  also  the  temperature  of  res- 
idue  of  thermal  decomposition  are  maintained  sufficiently  high,  so  that  waste  can  be  stably  melted.  However,  the  above 
stable  melting  can  be  attained  only  when  the  composition  of  waste  to  be  disposed  is  changed  in  a  normal  changing 

25  range.  In  the  case  of  wide  area  waste  disposal  of  the  latest  problem,  or  process  for  incineration  residue  of  other  incin- 
eration  equipment,  reclaimed  waste,  sludge  or  the  like  in  the  same  furnace,  the  composition  of  the  waste  to  be  disposed 
is  changed  greatly.  Therefore,  it  is  difficult  to  operate  the  furnace  effectively  and  stably  by  the  method  of  the  prior  art.  It 
is  an  object  of  the  present  invention  to  realize  a  method  of  burning  and  melting  waste  by  which  coke  and  combustibles 
contained  in  the  waste  are  most  appropriately  burned  in  the  furnace  even  when  the  composition  of  waste  is  greatly 

30  changed  as  described  above. 
When  the  disposal  of  waste  is  conducted  under  the  condition  of  the  same  thickness  of  the  packed  layer  composed 

of  charged  materials,  a  quantity  of  exchanged  heat  is  varied  when  the  composition  of  waste  is  changed.  Therefore,  it 
becomes  difficult  to  maintain  the  temperature  of  exhaust  gas  to  be  constant.  Even  in  the  above  condition,  when  the 
thickness  of  the  packed  layer  of  charged  materials  is  controlled,  the  most  appropriate  operation  can  be  attained,  and 

35  the  stable  operation  can  be  conducted. 
The  present  invention  is  to  provide  a  method  of  controlling  a  quantity  of  burning  support  gas  blown  into  the  waste 

melting  furnace  from  a  plurality  of  upper  tuyeres,  which  are  arranged  on  a  plane  direction  of  the  waste  melting  furnace, 
so  that  the  charged  waste  and  combustibles  can  move  down  uniformly  in  the  cross-sectional  direction  in  the  waste  melt- 
ing  furnace,  and  the  generation  of  cavities,  which  obstructs  the  charged  waste  and  combustibles  from  coming  down  uni- 

40  formly,  can  be  prevented,  and  the  failure  of  heat  exchange  caused  by  a  concentrated  local  gas  flow  can  be  suppressed 
to  the  minimum.  The  summary  of  the  present  invention  to  accomplish  the  above  objects  will  be  described  below. 

(1)  A  melting  method  for  waste  in  which  waste  containing  combustible  substance  and  carbonic  massive  combusti- 
bles  are  fed  from  an  upper  portion  of  a  furnace,  packed  layers  of  charged  waste  having  zones  of  drying,  heat 

45  decomposing  and  burning-melting  are  formed  in  the  furnace,  melted  waste  is  discharged  from  a  lower  portion  of 
the  furnace,  and  combustible  gas  is  discharged  from  an  upper  portion  of  the  furnace,  the  melting  method  for  waste 
comprising  the  steps  of:  arranging  a  plurality  of  stages  of  lower  tuyeres  in  the  burning  and  melting  zone;  burning 
mainly  carbonic  massive  combustibles  by  feeding  lower  stage  burning  support  gas  (containing  oxygen);  arranging 
a  plurality  of  stages  of  upper  tuyeres  at  the  upper  positions  of  the  lower  tuyeres;  feeding  oxygen  at  130  to  600  Nm3 

so  per  one  ton  of  waste,  contained  in  both  the  upper  and  the  lower  stage  burning  support  gas  when  a  portion  of  waste 
is  burned  by  feeding  upper  stage  burning  support  gas;  feeding  upper  stage  burning  support  gas  from  the  upper 
stage  tuyeres  so  that  a  ratio  of  the  quantity  of  oxygen  fed  from  the  upper  stage  tuyeres,  to  the  total  of  the  quantities 
of  oxygen  fed  from  both  the  upper  and  the  lower  stage  tuyeres  can  be  0.2  to  0.8;  controlling  a  quantity  of  oxygen 
fed  from  the  lower  stage  tuyeres  so  that  a  quantity  of  oxygen  fed  from  the  lower  stage  tuyeres  can  be  not  less  than 

55  0.8  times  of  the  theoretical  oxygen  quantity  of  carbonic  massive  combustibles;  and  maintaining  the  temperature  of 
exhaust  gas  on  the  packed  waste  layers  to  be  1  50  to  700°C. 
(2)  A  melting  method  for  waste  according  to  the  above  item  (1),  wherein  the  temperature  of  exhaust  gas  on  the 
packed  layers  is  controlled  by  adjusting  the  thickness  of  the  packed  layers. 

3 
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(3)  A  melting  method  for  waste  according  to  the  above  item  (1),  wherein  a  quantity  of  burning  support  gas  from  the 
plurality  of  upper  stage  tuyeres  arranged  in  the  cross-sectional  direction  of  the  waste  melting  furnace  is  controlled 
by  measuring  temperatures  in  the  waste  melting  furnace  with  a  plurality  of  thermometers  arranged  in  the  cross-sec- 
tional  direction  of  the  shaft  section  of  the  waste  melting  furnace  and  also  with  thermometers  arranged  in  a  plurality 

5  of  stages  in  the  perpendicular  direction,  and  the  quantity  of  burning  support  gas  of  the  upper  stage  tuyeres  is 
adjusted  when  the  detected  temperatures  are  out  of  predetermined  ranges. 
(4)  A  melting  method  for  waste  according  to  the  above  item  (1),  wherein  the  oxygen  concentration  of  a  lower  stage 
burning  support  gas  is  not  lower  than  30%,  and  the  oxygen  concentration  of  an  upper  stage  burning  support  gas  is 
not  higher  than  21%. 

10  (5)  A  melting  method  for  waste  according  to  the  above  item  (1),  wherein  the  content  of  carbon  in  the  carbonic  mas- 
sive  combustibles  is  not  less  than  30  dry%,  and  the  content  of  ash  in  carbonic  massive  combustibles  is  not  more 
than  70  dry%. 
(6)  The  present  invention  is  to  provide  a  melting  method  for  waste  according  to  the  above  item  (2),  wherein  the 
thickness  of  the  packed  layers  satisfies  the  following  expression. 

15 
H/D  >  1 

where 

20  H:  thickness  of  the  packed  layers,  which  is  the  height  (m)  from  the  center  of  the  end  of  the  lower  stage  tuyere 
to  the  upper  end  of  the  packed  layers  and 
D:  minimum  inner  diameter  (m)  of  the  furnace,  which  is  usually  the  inner  diameter  of  the  furnace  in  the  burning 
and  melting  zone  in  the  furnace  bottom  section. 

25  BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  schematic  illustration  showing  an  outline  of  the  waste  melting  furnace  according  to  the  present  invention. 
Fig.  2(a)  is  a  longitudinal  cross-sectional  view  for  explaining  the  waste  melting  furnace  of  the  third  technical  feature 

according  to  the  present  invention,  and  Fig.  2(b)  is  a  transverse  cross-sectional  view. 
30  Fig.  3  is  a  time  chart  of  an  example  of  the  third  technical  feature  according  to  the  present  invention. 

Fig.  4  is  a  time  chart  of  another  example  of  the  third  technical  feature  according  to  the  present  invention. 

BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

35  The  present  inventors  made  a  large  number  of  experiments  on  a  waste  melting  furnace  and  obtained  the  following 
knowledge.  The  present  invention  has  been  accomplished  according  the  thus  obtained  knowledge.  First,  it  is  necessary 
to  melt  slag  in  this  shaft  furnace  in  a  temperature  range  from  1350  to  1550°C.  It  is  preferable  that  slag  is  melted  in  this 
shaft  furnace  at  the  temperature  range  from  1  400  to  1  500°C.  After  slag  has  been  heated  to  the  above  temperature 
range,  it  is  discharged  from  the  shaft  furnace.  When  the  temperature  of  slag  is  lower  than  1350°C,  iron  contained  in  the 

40  waste  is  not  melted.  Therefore,  iron  contained  in  the  waste  accumulates  in  the  shaft  furnace  so  that  the  function  of  the 
shaft  furnace  is  deteriorated.  On  the  other  hand,  slag  heated  to  high  temperatures  remarkably  damages  refractories  in 
the  furnace.  In  this  way,  when  slag  is  heated  to  excessively  high  temperatures,  problems  may  be  caused.  For  the  above 
reasons,  the  most  appropriate  operation  temperature  of  the  shaft  furnace  is  determined  so  that  the  temperature  of  slag 
to  be  discharged  from  the  furnace  can  be  in  the  temperature  range  from  1400  to  1500°C. 

45  Secondly,  the  aforementioned  high  temperatures  can  not  be  achieved  only  by  burning  combustible  substance  con- 
tained  in  waste.  As  described  before,  waste  contains  a  considerable  quantity  of  combustible  substance,  and  its  low  cal- 
orific  value  is  approximately  1  000  to  3000  kcal/kg.  However,  in  order  to  burn  the  combustible  substance  contained  in 
waste  at  high  temperatures,  it  is  necessary  to  feed  a  gas  which  contains  oxygen  in  a  high  concentration.  In  the  present 
invention,  in  order  to  decrease  a  quantity  of  oxygen  of  high  concentration  used  for  burning  the  combustible  substance 

so  in  waste,  coke  is  used  which  can  be  burned  at  high  temperatures. 
Common  waste  produced  in  city  areas  was  disposed  in  a  shaft  furnace  having  a  single  stage  of  tuyeres.  As  a  result 

of  the  experiment,  operation  of  the  shaft  furnace  was  stabilized  at  the  above  slag  temperatures  under  the  following 
operating  conditions.  50  to  150  kg  of  coke  was  added  to  one  ton  of  waste,  and  air  used  for  burning  was  enriched  with 
oxygen  so  that  a  ratio  of  oxygen  to  air  used  for  burning  could  be  25  to  40%.  Air  enriched  with  oxygen  gas  in  the  above 

55  manner  was  blown  into  the  furnace  from  the  tuyeres.  Under  the  above  operating  conditions,  operation  of  the  furnace 
was  stabilized  at  the  aforementioned  temperatures.  In  this  case,  in  order  to  make  the  ratio  of  oxygen  to  air  to  be  about 
32%  as  an  average  condition,  1  1  0  Nm3  of  pure  oxygen  was  fed  to  one  ton  of  waste,  and  also  1  00  kg  of  coke  was  fed  to 
one  ton  of  waste. 
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In  order  to  decrease  quantities  of  these  auxiliary  materials  as  small  as  possible,  the  present  invention  adopts  a  fur- 
nace  having  two  stages  of  tuyeres.  New  tuyeres  3  are  arranged  above  the  lower  stage  tuyeres  2  as  shown  in  Fig.  1  . 
Therefore,  a  quantity  of  air  fed  to  the  furnace  was  divided  into  two  portions,  wherein  one  portion  of  air  was  fed  to  the 
upper  stage  tuyeres  and  the  other  portion  of  air  was  fed  to  the  lower  stage  tuyeres.  Air  to  be  fed  to  the  upper  stage  tuy- 

5  eres  was  not  preheated,  and  air  to  be  fed  to  the  lower  stage  tuyeres  was  enriched  with  oxygen  so  that  the  oxygen  con- 
centration  was  30  to  40%.  When  air  enriched  with  oxygen  in  the  above  manner  was  blown  into  the  furnace  from  the 
tuyeres,  a  quantity  of  coke  to  be  used  in  the  furnace  was  decreased  to  20  to  100  kg  per  one  ton  of  waste.  For  example, 
when  the  ratio  of  oxygen  in  the  lower  stage  tuyeres  was  28%  in  the  average  operating  condition,  the  quantity  of  pure 
oxygen  may  be  24  Nm3  per  one  ton  of  waste,  and  a  quantity  of  coke  may  be  20  kg  per  one  ton  of  waste. 

10  As  a  result  of  the  above  experiment,  it  was  found  that  a  quantity  of  auxiliary  material  such  as  oxygen  could  be 
greatly  decreased  when  the  melting  furnace  was  improved  a  little. 

Therefore,  the  inventors  made  an  experiment  to  find  the  most  appropriate  profile  of  the  shaft  furnace.  When  the 
feed  of  burning  support  gas  from  the  tuyeres  was  stopped  during  the  operation  of  the  furnace  and  nitrogen  gas  was  fed 
instead  of  burning  support  gas,  reaction  in  the  furnace  was  stopped  and  the  furnace  was  maintained  in  the  stopping 

15  condition.  When  investigation  was  made  in  the  above  manner,  water  was  removed  from  waste  in  the  upper  section  of 
the  furnace  as  shown  in  Fig.  1  ,  and  waste  was  dried.  Successively,  waste  was  thermally  decomposed  immediately 
before  the  bosh  section  in  the  furnace.  Therefore,  fine  particles  of  carbide  exist  in  the  bosh  section.  In  view  of  the  above 
circumstances,  it  is  necessary  that  pieces  of  waste,  the  profiles  of  which  are  not  changed,  are  supported  in  an  upper 
portion  of  the  bosh  section.  For  the  above  reasons,  it  is  necessary  to  arrange  the  bosh  section  in  the  furnace,  and  fur- 

20  ther  it  is  necessary  that  the  upper  stage  tuyeres  are  arranged  in  the  bosh  section  for  the  purpose  of  burning  fine  parti- 
cles  of  carbide  in  this  portion  of  the  furnace.  The  lower  stage  tuyeres  are  arranged  in  the  hearth  section  of  the  furnace, 
and  burning  support  gas  is  fed  from  these  lower  stage  tuyeres,  so  that  coke  in  the  furnace  and  carbon  (char)  generated 
from  solid  waste  are  burned  by  the  action  of  burning  support  gas.  Usually,  coke  stays  in  a  portion  close  to  the  lower 
stage  tuyeres,  and  coke  accumulates  in  a  portion  of  the  furnace,  the  height  of  which  is  300  to  500  mm  from  the  lower 

25  tuyeres.  This  portion  is  referred  to  as  a  coke  bed.  As  described  later,  the  method  of  the  present  invention  is  character- 
ized  in  that:  incombustible  material  contained  in  waste  is  melted  at  high  temperatures  in  a  lower  portion  of  the  furnace, 
and  waste  is  dried  by  a  large  quantity  of  gas  of  low  temperatures  in  an  upper  portion  of  the  furnace.  For  the  above  rea- 
sons,  it  is  preferable  that  air  is  fed  into  the  coke  bed  and  a  volume  of  combustion  gas  is  increased  so  that  gas  of  a  very 
high  temperature  can  be  diluted.  From  the  above  viewpoint,  the  upper  stage  tuyeres  3  are  arranged  at  positions  higher 

30  than  the  lower  stage  tuyeres  by  300  mm.  When  a  distance  from  the  lower  stage  tuyere  to  the  upper  stage  tuyere  is  too 
long,  the  temperature  of  gas  in  the  lower  portion  of  the  furnace  is  excessively  cooled.  Accordingly,  there  is  a  possibility 
that  gas  cannot  be  reignited  at  the  upper  stage  tuyeres  3.  Consequently,  it  is  necessary  that  the  upper  stage  tuyeres  3 
are  arranged  in  a  region  in  which  the  thermal  influence  of  the  lower  stage  tuyeres  2  still  remains. 

In  the  case  of  a  large-scale  furnace,  the  distance  from  the  lower  stage  tuyeres  to  the  upper  stage  tuyeres  is 
35  extended.  In  this  case,  no  problems  are  caused  when  a  plurality  of  upper  stages  of  tuyeres  are  arranged  in  the  perpen- 

dicular  direction. 
As  described  above,  it  is  necessary  that  the  temperature  of  slag  discharged  from  the  furnace  is  maintained  in  the 

temperature  range  from  1350  to  1550°C,  and  it  is  preferable  that  the  temperature  of  slag  discharged  from  the  furnace 
is  maintained  in  the  temperature  range  from  1  400  to  1  500°C.  In  the  case  of  a  furnace  in  which  waste  is  disposed  by  one 

40  stage  of  lower  tuyeres,  the  incombustible  material  contained  in  waste  is  melted  when  coke  is  burned  at  high  tempera- 
ture  in  a  portion  close  to  the  lower  tuyeres.  Successively,  waste  is  thermally  decomposed  and  dried  by  this  combustion 
gas  at  a  high  temperature.  Accordingly,  when  the  composition  of  waste  is  changed  and  a  quantity  of  water  contained  in 
the  waste  is  increased,  that  is,  when  drying  operation  to  be  performed  by  the  combustion  gas  must  be  strengthened,  or 
when  a  quantity  of  material  to  be  melted  is  large,  that  is,  when  waste  must  be  heated  to  a  high  temperature  so  that  it 

45  can  be  melted,  the  arrangement  of  this  furnace,  in  which  only  one  stage  of  lower  tuyeres  are  arranged,  is  not  appropri- 
ate. 

When  the  two  stages  of  upper  and  lower  tuyeres  are  arranged  in  the  furnace  according  to  the  present  invention, 
the  above  problems  can  be  solved  and,  at  the  same  time,  quantities  of  auxiliary  materials  such  as  coke  and  oxygen  can 
be  decreased.  The  lower  stage  tuyeres  2  are  arranged  for  the  purpose  of  raising  the  temperature  of  waste.  Therefore, 

so  the  conditions  are  set  so  that  the  temperature  of  waste  can  be  raised  as  high  as  possible.  In  order  to  obtain  the  slag 
temperature  described  above,  it  was  necessary  to  use  combustion  air  enriched  with  oxygen,  the  ratio  of  which  was  not 
lower  than  30%.  An  upper  limit  of  the  concentration  of  oxygen  is  not  particularly  stipulated,  however,  in  order  to  sup- 
press  quantities  of  coke  and  pure  oxygen  gas,  which  are  auxiliary  materials,  and  further  in  order  to  suppress  the  dam- 
age  of  the  furnace  wall  caused  by  a  locally  abnormal  high  temperature,  the  upper  limit  of  the  concentration  of  oxygen 

55  may  be  determined  to  be  about  40%.  It  is  unnecessary  for  the  upper  stage  tuyeres  to  obtain  high  temperatures.  There- 
fore,  the  concentration  of  oxygen  is  determined  to  be  not  higher  than  21%  at  which  combustion  air  is  not  enriched  with 
oxygen,  and  the  combustion  temperature  can  be  suppressed  in  the  following  manner.  Preheated  air  or  unpreheated  air 
is  used,  or  in  order  to  suppress  the  generation  of  clinker  caused  by  high  temperatures  in  a  portion  close  to  the  upper 
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stage  tuyeres,  steam  or  inert  gas  such  as  nitrogen  gas  is  mixed  into  air,  or  alternatively  gas  of  low  oxygen  concentration 
such  as  exhaust  gas  is  mixed  into  air,  or  exhaust  gas  is  singly  used  so  as  to  suppress  the  combustion  temperature. 

Theoretically,  when  two  stages  of  tuyeres  are  arranged  in  the  furnace  and  gas  generated  in  the  lower  stage  is 
burned  on  the  coke  bed,  carbon  is  effectively  burned.  Therefore,  the  total  quantity  of  oxygen  fed  from  air  and  pure  oxy- 

5  gen  is  increased  to  more  than  the  total  quantity  of  oxygen  in  the  case  of  one  stage  tuyeres.  However,  as  a  result  of  the 
experiment  made  by  the  inventors,  when  the  same  quantity  of  coke  was  used,  the  total  quantity  of  oxygen  was  approx- 
imately  the  same.  However,  the  quantity  of  coke  used  for  the  furnace  was  decreased  by  the  effect  of  the  two  stages  of 
tuyeres.  Due  to  the  foregoing,  the  total  quantity  of  oxygen  was  decreased. 

Concerning  coke  which  is  an  auxiliary  material,  it  is  necessary  to  use  coke,  the  quantity  of  which  is  20  to  100  kg 
10  per  one  ton  of  waste,  when  usual  solid  waste  is  disposed,  especially  when  common  waste  generated  in  Japan  is  dis- 

posed.  In  the  case  of  common  waste,  the  water  content  of  which  is  40  to  60%,  it  is  necessary  to  burn  coke  at  30  to  80 
kg  per  one  ton  of  waste.  In  the  case  of  waste,  the  water  content  of  which  is  high,  or  the  incombustible  content  of  which 
is  high,  the  quantity  of  coke  to  be  burned  is  increased. 

In  the  case  where  the  composition  of  waste  is  greatly  changed,  operation  can  be  stably  and  effectively  conducted 
15  when  the  following  operating  conditions  are  adopted. 

A  quantity  of  oxygen  required  for  disposing  of  one  ton  of  waste  is  changed  in  accordance  with  a  quantity  of  required 
coke,  however,  when  the  quantity  of  oxygen  is  not  larger  than  130  Nm3,  coke  and  the  combustible  material  contained 
in  waste  are  not  completely  burned  in  the  furnace.  Therefore,  a  quantity  of  heat  necessary  for  drying,  thermally  decom- 
posing  and  melting  can  not  be  ensured.  As  a  result,  it  becomes  difficult  for  the  melted  material  to  be  discharged  from 

20  the  furnace,  and  operation  of  the  furnace  becomes  impossible.  When  the  quantity  of  oxygen  is  not  smaller  than  600  N3, 
coke  and  the  combustible  substance  contained  in  waste  are  excessively  burned  in  the  furnace,  so  that  the  temperature 
of  exhaust  gas  is  raised  high.  Accordingly,  it  is  impossible  to  conduct  an  effective  operation  of  the  furnace.  When  a 
quantity  of  oxygen  of  lower  stage  burning  support  gas  fed  from  the  lower  stage  tuyeres  is  0.8  time  as  large  as  the  the- 
oretical  burning  oxygen  quantity,  coke  can  be  completely  burned  and  a  loss  caused  by  the  endothermic  chemical  reac- 

25  tion  can  be  suppressed.  Accordingly,  it  is  possible  to  ensure  a  heat  source  for  melting  and  drying  while  coke  is  being 
burned  most  effectively.  Therefore,  it  is  possible  to  maintain  the  temperature  of  exhaust  gas  high. 

The  upper  stage  burning  support  gas  is  fed  from  the  upper  stage  tuyeres  so  that  a  ratio  of  the  quantity  of  oxygen 
contained  in  the  upper  stage  burning  support  gas,  to  the  total  quantity  of  oxygen  contained  in  the  upper  and  the  lower 
stage  burning  support  gas  can  be  0.2  to  0.8.  When  this  ratio  is  not  higher  than  0.2,  thermally  decomposed  powder-like 

30  carbide  contained  in  waste  can  not  be  completely  burned.  When  this  ratio  is  not  lower  than  0.8,  an  excessively  large 
quantity  of  oxygen  is  fed  to  thermally  decomposed  powder-like  carbide  contained  in  waste.  Therefore,  it  becomes 
impossible  to  maintain  a  reducing  burning  condition  locally,  and  a  quantity  of  heat  contained  in  exhaust  gas  is  lowered. 
In  this  case,  even  if  a  secondary  combustion  chamber  is  arranged  in  the  rear  stage  so  as  to  conduct  combustion  com- 
pletely,  it  is  incapable  of  conducting  to  self-sustained  combustion. 

35  Temperature  on  the  packed  layers  is  stipulated  to  be  in  the  range  from  1  50  to  700°C.  However,  in  order  to  operate 
the  furnace  more  stably  and  effectively,  it  is  preferable  that  the  temperature  on  the  charged  waste  layer  is  maintained  in 
the  range  from  200  to  300°C.  When  the  exhaust  gas  temperature  is  lower  than  1  50°C,  in  the  case  of  waste,  the  water 
content  of  which  is  large,  and  in  the  case  of  waste  such  as  plastics,  the  tar  generating  ratio  of  which  is  high,  the  tem- 
perature  of  exhaust  gas  is  lowered,  and  the  temperature  of  waste  is  gradually  raised.  As  a  result,  thermal  decomposi- 

40  tion  is  conducted  at  low  temperatures,  and  a  ratio  of  tar  generated  by  the  thermal  decomposition  at  low  temperatures 
is  increased.  Due  to  the  foregoing,  a  quantity  of  tar  contained  in  exhaust  gas  is  increased.  Accordingly,  when  tar  gen- 
erated  in  the  thermal  decomposing  zone  passes  through  a  drying  zone  located  in  the  upper  portion  of  the  packed  lay- 
ers,  a  quantity  of  condensation  of  tar  is  increased.  As  a  result,  gas  permeability  in  the  drying  zone  is  deteriorated,  and 
finally  it  becomes  difficult  to  continue  operation  of  the  furnace. 

45  On  the  other  hand,  when  the  temperature  of  exhaust  gas  is  higher  than  700°C,  especially  when  waste,  the  ratio  of 
combustible  substance  of  which  is  low,  is  disposed,  a  ratio  of  thermally  decomposed  gas  is  increased.  Therefore,  a 
quantity  of  thermally  decomposed  residue,  which  is  combustible,  remaining  in  the  furnace  is  decreased,  so  that  a  quan- 
tity  of  combustion  of  the  combustible  material  contained  in  waste  is  decreased  in  the  furnace.  As  a  result,  a  capacity  of 
the  heat  source  to  be-used  for  drying  becomes  insufficient,  and  it  becomes  necessary  to  increase  a  quantity  of  coke  to 

so  be  fed.  Therefore,  this  furnace  operation  is  not  economical.  When  the  temperature  of  exhaust  gas  exceeds  700°C,  chlo- 
rine  neutralized  in  exhaust  gas  is  changed  into  hydrogen  chloride  gas  by  the  chemical  reaction  represented  by  the  for- 
mula  of 

CaCI2  +  H20  ->  CaO  +  2HCI. 
55 

Since  hydrogen  chloride  gas  is  generated  as  described  above,  the  top  of  the  furnace  and  the  exhaust  gas  duct  is  cor- 
roded.  In  order  to  prevent  the  corrosion,  it  is  necessary  to  design  the  furnace  while  consideration  is  given  to  corrosion 
resistance,  which  leads  to  an  increase  in  the  equipment  cost.  Further,  chemical  compounds  of  low  melting  points  con- 
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tained  in  exhaust  gas  adhere  to  the  top  of  the  furnace  and  the  exhaust  gas  duct.  Therefore,  it  is  difficult  to  operate  the 
furnace  over  a  long  period  of  time. 

Since  the  exhaust  gas  temperature  expresses  a  change  in  the  composition  of  waste  most  clearly  as  described 
above,  it  is  used  as  an  important  index  when  quantities  of  coke  to  be  fed,  oxygen  and  lower  stage  oxygen  are  adjusted. 

5  That  is,  when  the  exhaust  gas  temperature  is  lowered,  the  water  content  or  the  ash  content  in  waste  is  high.  Accord- 
ingly,  in  order  to  make  up  for  the  heat  sources  for  drying  and  melting,  a  quantity  of  coke  to  be  fed  is  increased,  and  a 
ratio  of  oxygen  in  the  lower  stage  tuyeres  is  increased  in  accordance  with  that.  On  the  contrary,  when  the  temperature 
of  exhaust  gas  is  raised,  the  ratio  of  combustible  material  in  waste  is  high.  Accordingly,  a  quantity  of  coke  to  be  fed  is 
decreased,  and  a  ratio  of  oxygen  of  the  lower  stage  tuyeres  is  decreased  in  accordance  with  that,  and  a  ratio  of  oxygen 

10  of  the  upper  stage  tuyeres  is  increased.  Due  to  the  foregoing,  a  quantity  of  combustion  of  the  thermally  decomposed 
residue  of  the  combustible  material  is  increased,  so  that  the  heat  source  for  drying  can  be  ensured  and  the  temperature 
of  incombustible  material  can  be  raised.  As  a  result,  it  becomes  possible  to  further  decrease  the  quantity  of  coke  to  be 
fed  by  synergetic  effect.  That  is,  according  to  the  relation  described  before,  a  ratio  of  feeding  coke  (kg/ton  of  waste)  is 
adjusted  so  that  it  can  satisfy  the  following  expression,  and  further  a  ratio  of  a  quantity  of  oxygen  of  the  upper  stage 

15  tuyeres  is  adjusted  in  the  range  from  0.2  to  0.8,  and  furthermore  a  quantity  of  oxygen  necessary  for  disposing  one  ton 
of  waste  is  adjusted.  In  this  way,  the  temperature  of  exhaust  gas  is  controlled. 

(ratio  of  coke  to  be  fed)  <  {1  -  (ratio  of  quantity  of  oxygen  of  upper  stage  tuyeres)}  x  (quantity  of  oxygen 
necessary  for  disposing  one  ton  of  waste)/(theoretical  quantity  of  oxygen  for  burning  coke  of  one  kg)  x  0.8 

20 

The  above  ratio  of  coke  to  be  fed  and  the  ratio  of  the  quantity  of  oxygen  of  the  lower  stage  tuyeres  may  be  manually 
or  automatically  controlled,  that  is,  the  controlling  method  is  not  particularly  restricted. 

In  the  second  invention  of  the  present  invention,  when  the  composition  of  waste  is  changed,  even  if  the  ratios  of 
25  combustible  material,  water  and  incombustible  substance  are  the  same,  the  shapes  of  pieces  of  waste  are  changed  in 

some  cases.  This  is  a  case  in  which  the  following  two  shapes  of  waste  are  disposed.  The  size  of  one  shape  is  large  and 
the  specific  surface  area  is  small,  and  the  size  of  the  other  shape  is  small  and  the  specific  surface  area  is  large.  In  the 
above  case,  when  waste  is  disposed  by  the  same  thickness  of  the  charged  material  layer,  even  if  the  temperature  of 
exhaust  gas  can  be  maintained  at  an  appropriate  value  in  the  case  of  large  shape  and  small  specific  surface  area,  a 

30  quantity  of  exchanged  heat  on  the  charged  material  layer  is  excessively  increased  in  the  case  of  small  shape  and  large 
specific  surface  area  Accordingly,  it  becomes  impossible  to  maintain  the  temperature  of  exhaust  gas  at  an  appropriate 
value  which  is  not  lower  than  1  50°C.  In  order  to  solve  the  above  problems,  as  described  in  claim  1  ,  it  is  possible  to  adopt 
a  method  of  adjusting  a  quantity  of  oxygen,  a  rate  of  feeding  coke  and  a  ratio  of  the  quantity  of  lower  stage  oxygen. 
Except  for  the  above  method,  it  is  possible  to  adopt  a  method  of  changing  a  volume  of  the  charged  material  layer  so 

35  that  a  difference  between  the  specific  surface  areas  can  be  canceled  without  changing  the  above  conditions.  Since  the 
cross-sectional  area  of  the  furnace  is  constant  in  this  case,  an  operation  can  be  stably  executed  when  the  thickness  of 
the  charged  material  layer  stipulated  in  the  second  invention  is  adjusted. 

It  is  necessary  for  the  thickness  of  the  charged  material  layer  to  satisfy  the  inequality  of  H/D  >  1  .  When  the  above 
condition  is  not  satisfied,  a  flow  of  gas  in  the  charged  material  layer  tends  to  deviate.  Therefore,  the  heat  exchange  effi- 

40  ciency  of  the  charged  material  layer  fluctuates,  and  operation  becomes  unstable. 
Referring  to  examples,  the  present  invention  will  be  explained  in  detail  below. 

EXAMPLES 

45  EXAMPLE  1 

This  is  an  example  in  which  a  waste  melting  furnace  having  two  stages  of  tuyeres  was  operated  to  dispose  com- 
mon  waste.  The  waste  melting  furnace  shown  in  Fig.  1  was  used  in  this  example.  Gas  for  burning  and  melting  waste 
was  fed  from  the  upper  and  the  lower  stage  tuyeres  to  melt  common  waste. 

so  The  interval  between  the  upper  stage  tuyeres  and  the  lower  stage  tuyeres  was  500  mm,  and  the  number  of  the 
upper  stage  tuyeres  was  8  and  the  number  of  the  lower  stage  tuyeres  was  4. 

The  composition  of  waste  disposed  in  this  example  is  described  as  follows. 

Water:  42.4% 
55  Ash:  15.0% 

Combustible  substance:  42.6% 
Lower  calorific  value:  1720  kcal/kg 

7 
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The  operating  conditions  were  adjusted  so  that  the  temperature  of  exhaust  gas  at  the  furnace  top  could  be  an 
appropriate  value.  The  operating  conditions  are  described  as  follows.  When  waste  was  charged  into  the  waste  melting 
furnace,  coke  of  30  kg  and  lime  stone  of  20  kg  were  added  to  waste  of  one  ton.  Air  at  normal  temperature  was  blown 
into  the  furnace  from  the  lower  stage  tuyeres,  the  volume  of  which  was  120  Nm3,  to  which  pure  oxygen  gas  at  normal 
temperature,  the  volume  of  which  was  33  Nm3,  was  added,  that  is,  a  burning  support  gas  enriched  by  38%  in  total  was 
blown  into  the  furnace.  Air  at  normal  temperature,  the  volume  of  which  was  495  Nm3,  was  blown  into  the  furnace  from 
the  upper  stage  tuyeres.  A  ratio  of  the  volume  of  oxygen  blown  from  the  upper  stage  tuyeres  into  the  furnace,  to  the  total 
volume  of  oxygen  was  0.6.  A  volume  of  oxygen  blown  from  the  lower  stage  tuyeres  into  the  furnace  was  1  .3  times  as 
large  as  the  theoretical  volume  of  oxygen  required  for  burning.  A  total  volume  of  oxygen  per  one  ton  of  waste  was  162 
Nm3.  In  this  waste  melting  furnace,  waste  was  disposed  of  at  a  ratio  of  3.0  t/h. 

As  a  result,  slag  of  109  kg  and  metal  of  47  kg  per  waste  of  one  ton  were  melted  in  the  furnace  and  discharged  from 
the  slag  discharge  hole.  At  this  time,  the  temperature  of  slag  was  1480°C.  Exhaust  gas  containing  N2:  58.6%, 
C02:15.9%,  CO:  14.6%,  H2:  9.4%  and  CH4:  1.5%,  the  temperature  of  which  was  350°C,  was  generated  at  the  furnace 
top.  In  this  case,  a  volume  of  thus  generated  exhaust  gas  was  1  420  Nm3  per  one  tone  of  waste. 

Thus  generated  exhaust  gas  was  burned  by  a  combustion  apparatus  connected  to  the  waste  melting  furnace,  and 
heat  was  exchanged  in  a  boiler  and  a  heat  exchanger  so  that  heat  in  the  combustion  gas  was  recovered. 

In  this  connection,  the  inventors  made  experiments  in  which  the  interval  between  the  upper  and  the  lower  stage  tuy- 
eres  was  set  at  1  500  and  2000  mm.  As  a  result  of  the  experiments,  it  was  confirmed  that  waste  could  be  disposed  with- 
out  changing  the  above  operating  conditions. 

EXAMPLE  2 

This  is  an  example  in  which  a  waste  melting  furnace  having  one  stage  of  tuyeres  was  operated  to  dispose  of  com- 
mon  waste.  The  waste  melting  furnace  shown  in  Fig.  1  was  used  in  this  example.  Gas  for  burning  and  melting  waste 
was  fed  only  from  the  lower  stage  tuyeres  to  melt  common  waste,  that  is,  the  upper  stage  tuyeres  were  not  used  in  this 
example. 

The  number  of  lower  stage  tuyeres  was  4. 
The  composition  of  waste  disposed  in  this  example  is  described  as  follows. 

Water:  42.4% 
Ash:  15.0% 
Combustible  substance:  42.6% 
Lower  calorific  value:  1720  kcal/kg 

The  operating  conditions  are  described  as  follows.  When  waste  was  charged  into  the  waste  melting  furnace,  coke 
of  60  kg  and  lime  stone  of  20  kg  were  added  to  waste  of  one  ton.  Air  at  normal  temperature  was  blown  into  the  furnace 
from  the  lower  stage  tuyeres,  the  volume  of  which  was  334  Nm3,  to  which  pure  oxygen  at  normal  temperature,  the  vol- 
ume  of  which  was  92  Nm3,  was  added,  that  is,  the  burning  support  gas  enriched  by  38%  in  total  was  blown  into  the  fur- 
nace.  A  volume  of  oxygen  blown  from  the  lower  stage  tuyeres  into  the  furnace  was  1  .7  times  as  large  as  the  theoretical 
volume  of  oxygen  required  for  burning.  A  total  volume  of  oxygen  per  one  ton  of  waste  was  162  Nm3. 

As  a  result,  slag  of  109  kg  and  metal  of  47  kg  per  waste  of  one  ton  were  melted  in  the  furnace  and  discharged  from 
the  slag  discharge  hole.  At  this  time,  the  temperature  of  slag  was  1490°C.  Exhaust  gas  containing  N2:  42.5%,  C02: 
19.0%,  CO:  24.0%,  H2:  12.5%  and  CH4:  2.0%,  the  temperature  of  which  was  340°C,  was  generated  from  the  furnace 
top.  In  this  case,  a  volume  of  thus  generated  exhaust  gas  was  1210  Nm3  per  one  tone  of  waste. 

Thus  generated  exhaust  gas  was  burned  by  a  combustion  apparatus  connected  to  the  waste  melting  furnace,  and 
heat  was  exchanged  in  a  boiler  and  a  heat  exchanger  so  that  heat  in  the  combustion  gas  was  recovered. 

EXAMPLE  3 

This  is  an  example  in  which  a  waste  melting  furnace  having  two  stages  of  tuyeres  was  operated  to  dispose  of  com- 
mon  waste  and  waste  containing  a  large  quantity  of  water  such  as  sludge.  The  waste  melting  furnace  shown  in  Fig.  1 
was  used  in  this  example.  Gas  for  burning  and  melting  waste  was  fed  from  the  upper  and  the  lower  stage  tuyeres  to 
melt  the  mixed  waste  described  above. 

The  interval  between  the  upper  stage  tuyeres  and  the  lower  stage  tuyeres  was  500  mm,  and  the  number  of  the 
upper  stage  tuyeres  was  8  and  the  number  of  the  lower  stage  tuyeres  was  4. 

The  composition  of  waste  disposed  in  this  example  is  described  as  follows. 

Water:  61  .6% 

8 
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Ash:  10.0% 
Combustible  substance:  28.4% 
Lower  calorific  value:  950  kcal/kg 

The  operating  conditions  were  adjusted  so  that  the  temperature  of  the  exhaust  gas  at  the  furnace  top  could  be  an 
appropriate  value.  The  operating  conditions  are  described  as  follows.  When  waste  was  charged  into  the  waste  melting 
furnace,  coke  of  60  kg  and  lime  stone  of  20  kg  were  added  to  waste  of  one  ton.  Air  at  normal  temperature  was  blown 
into  the  furnace  from  the  lower  stage  tuyeres,  the  volume  of  which  was  185  Nm3,  to  which  pure  oxygen  at  normal  tem- 
perature,  the  volume  of  which  was  50  Nm3,  was  added,  that  is,  burning  support  gas  enriched  by  38%  in  total  was  blown 
into  the  furnace.  Air  at  normal  temperature,  the  volume  of  which  was  340  Nm3,  was  blown  into  the  furnace  from  the 
upper  stage  tuyeres.  A  ratio  of  the  volume  of  oxygen  blown  from  the  upper  stage  tuyeres  into  the  furnace,  to  the  total 
volume  of  oxygen  was  0.4.  A  volume  of  oxygen  blown  from  the  lower  stage  tuyeres  into  the  furnace  was  0.9  time  as 
large  as  the  theoretical  volume  of  oxygen  required  for  burning.  A  total  volume  of  oxygen  per  one  ton  of  waste  was  159 
Nm3.  In  this  waste  melting  furnace,  waste  was  disposed  by  a  ratio  of  3.0  t/h. 

As  a  result,  slag  of  76  kg  and  metal  of  33  kg  per  waste  of  one  ton  were  melted  in  the  furnace  and  discharged  out- 
side  from  the  slag  discharge  hole.  At  this  time,  the  temperature  of  slag  was  1480°C.  Exhaust  gas  containing  N2:  57.6%, 
C02:  1  7.0%,  CO:  1  7.0%,  H2:  7.3%  and  CH4:  1  .2%,  the  temperature  of  which  was  230°C,  was  generated  at  the  furnace 
top.  In  this  case,  a  volume  of  thus  generated  exhaust  gas  was  1  520  Nm3  per  one  tone  of  waste. 

Thus  generated  exhaust  gas  was  burned  by  a  combustion  apparatus  connected  to  the  waste  melting  furnace,  and 
heat  was  exchanged  in  a  boiler  and  a  heat  exchanger  so  that  heat  in  the  combustion  gas  was  recovered. 

The  results  of  the  above  examples  are  shown  on  Table  1  . 
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As  can  be  seen  on  the  Table  1  ,  both  the  consumption  unit  of  coke  and  that  of  pure  oxygen  are  decreased  in  the 
;ase  of  two  stage  tuyeres  compared  with  the  case  of  one  stage  tuyeres.  In  the  case  of  waste,  the  water  content  of  which 
s  high,  in  order  to  maintain  the  temperature  of  exhaust  gas  at  an  appropriate  value,  it  is  necessary  to  change  the  con- 
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ditions  of  coke,  pure  oxygen  and  others.  When  the  present  invention  is  applied,  the  following  advantages  can  be  pro- 
vided.  Even  when  the  composition  of  waste  is  greatly  changed,  it  is  possible  to  utilize  heat  energy,  which  has  been 
uneconomical^  emitted  into  exhaust  gas,  for  the  reaction  conducted  in  the  furnace,  so  that  the  quantities  of  various 
auxiliary  materials  to  be  used  can  be  decreased  and  the  occurrence  of  operational  problems  can  be  prevented.  There- 

5  fore,  it  becomes  possible  to  conduct  operation  stably.  That  is,  in  order  to  effectively  utilize  the  auxiliary  materials  such 
as  coke  and  pure  oxygen  in  accordance  with  the  composition  of  waste  and  operate  the  furnace  without  causing  any 
problem,  burning  support  gas  containing  oxygen  of  1  30  to  600  Nm3  per  one  ton  of  waste  is  fed  to  the  furnace,  and  burn- 
ing  support  gas  is  fed  from  the  upper  stage  tuyeres  so  that  a  volume  of  oxygen  fed  from  the  upper  stage  tuyeres  can 
be  0.2  to  0.8  time  as  large  as  the  total  of  volume  of  oxygen.  Also,  the  following  can  be  understood.  A  concentration  of 

10  oxygen  contained  in  burning  support  gas  fed  from  the  lower  stage  tuyeres  is  maintained  to  be  not  lower  than  30%,  and 
a  quantity  of  coke  to  be  fed  is  adjusted  so  that  a  volume  of  oxygen  fed  from  the  lower  stage  tuyeres  can  be  a  value  not 
lower  than  0.8  times  the  theoretical  volume  of  oxygen  required  for  burning  coke,  and  the  temperature  of  exhaust  gas  on 
the  charged  waste  layer  is  maintained  at  150  to  700°C. 

In  the  present  invention,  thickness  of  the  charged  waste  layer  is  measured  by  a  weight  type  or  ultrasonic  type  meas- 
15  uring  device  in  such  a  manner  that  an  upper  end  level  of  the  charged  waste  layer  is  detected  by  the  measuring  device. 

When  thickness  of  the  charged  waste  layer  is  changed,  the  upper  end  level  of  the  packed  layers  is  made  to  rise  and  fall. 
In  order  to  make  the  thickness  of  the  packed  layers  decrease,  the  feeding  of  waste,  which  is  continuously  or  sub- 

stantially  continuously  conducted  until  that  time,  is  temporarily  stopped,  and  when  the  upper  end  level  of  the  packed  lay- 
ers  reaches  a  predetermined  level,  the  feeding  of  waste  is  resumed.  To  make  the  thickness  of  the  packed  layers 

20  increase,  the  operation  is  conducted  to  the  opposite  of  the  above. 
When  waste  is  disposed  in  the  third  example  according  to  the  following  conditions,  it  is  impossible  to  maintain  the 

temperature  of  exhaust  gas  at  1  50°C.  The  conditions  are:  (height  of  the  packed  layers)/(inner  diameter  of  furnace  bot- 
tom)  =  2.0;  height  of  the  packed  layers  is  4  m;  and  waste  is  subjected  to  crushing  treatment,  so  that  the  specific  surface 
area  is  large. 

25  Therefore,  only  when  the  height  of  the  packed  layers  was  decreased  to  3  m  by  the  changing  operation  of  the  layers 
thickness  described  before,  was  it  possible  to  maintain  the  temperature  of  exhaust  gas  at  a  value  higher  than  200°C 
without  changing  the  conditions  of  a  volume  of  oxygen,  the  quantity  of  coke  to  be  fed  and  the  ratio  of  lower  stage  oxy- 
gen.  At  this  time,  (height  of  the  packed  layers)/(inner  diameter  of  furnace  bottom)  =  1  .5,  that  is,  the  value  of  (height  of 
the  packed  layers)/(inner  diameter  of  furnace  bottom)  was  maintained  to  be  not  lower  than  1.0.  Accordingly,  a  flow  of 

30  exhaust  gas  was  not  biased  in  the  furnace,  and  operation  was  stably  carried  out. 

EXAMPLE  4 

Next,  an  example  of  the  third  invention  of  the  present  invention  will  be  explained  below.  Figs.  2(a)  and  2(b)  are 
35  schematic  illustrations  of  the  waste  melting  furnace  of  this  example.  Fig.  2(a)  is  a  longitudinal  cross-sectional  view  of 

the  waste  melting  furnace,  and  Fig.  2(b)  is  a  transverse  cross-sectional  view. 
Structure  of  the  waste  melting  furnace  is  the  same  as  that  of  the  conventional  melting  furnace  described  before.  At 

each  upper  stage  tuyere  3,  there  is  provided  a  shutoff  valve  16  to  control  a  volume  of  burning  support  gas  of  the  upper 
stage  tuyere. 

40  In  the  present  invention,  in  order  to  detect  that  the  charged  materials  1b  have  come  down  in  the  cross-sectional 
direction  and  also  in  order  to  detect  of  the  formation  of  cavities,  there  are  provided  a  plurality  of  thermometers  15 
arranged  in  the  cross-sectional  direction  of  the  shaft  section  1a  at  regular  intervals,  and  there  are  provided  a  plurality 
of  stages  of  thermometers  15  in  the  perpendicular  direction  of  the  furnace.  Temperatures  of  gas  and  solid  bodies  in  the 
melting  furnace  are  measured  by  these  thermometers.  The  thermometers  1  5  are  arranged  at  positions  above  the  upper 

45  stage  tuyeres  3  in  such  a  manner  that  the  thermometers  15  are  aligned  with  the  upper  stage  tuyeres  3. 
In  the  above  structure,  when  the  charged  materials  1b  are  stably  coming  down,  the  thermometers  measure  the 

temperatures  of  solid  bodies.  Accordingly,  the  thermometers  indicate  relatively  low  temperatures.  On  the  other  hand, 
when  the  charged  materials  1  b  are  not  stably  coming  down  and  cavities  are  being  formed  in  the  furnace,  or  when  a 
locally  concentrated  flow  of  gas  has  been  generated  in  the  furnace,  heat  can  not  be  sufficiently  exchanged  between  the 

so  solid  bodies  and  gas  in  the  furnace.  Accordingly,  the  thermometers  indicate  relatively  high  temperatures. 
Fig.  3  is  a  time  chart  of  this  example. 
When  thermometers  15a  to  15d  arranged  in  a  certain  stage  indicate  values  not  higher  than  a  predetermined  value 

in  Fig.  3,  that  is,  when  thermometers  15a  to  15d  arranged  in  a  certain  stage  indicate  zero  in  Fig.  3,  the  thermometers 
15a  to  15d  are  measuring  the  temperatures  of  solid  bodies.  Accordingly,  solid  bodies  are  existing  in  these  portions  in 

55  the  furnace,  that  is,  the  charged  materials  are  stably  coming  down  in  the  furnace.  Therefore,  the  shutoff  valves  1  6a  to 
16d  are  kept  open,  and  a  predetermined  volume  of  upper  stage  burning  support  gas  is  blown  into  the  furnace. 

On  the  other  hand,  for  example,  when  the  thermometer  15a  indicates  a  value  exceeding  a  predetermined  value  as 
shown  by  the  reference  numeral  1  of  the  thermometer  1  5a  in  Fig.  3,  heat  is  not  sufficiently  exchanged  between  the  solid 

11 
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bodies  and  gas  in  the  furnace,  that  is,  the  charged  materials  are  not  stably  coming  down.  Therefore,  a  volume  of  burn- 
ing  support  gas  of  the  upper  stage  tuyere  3a  is  decreased  by  the  shutoff  valve  1  6a,  and  volumes  of  burning  support  gas 
of  the  upper  stage  tuyeres  3b,  3c,  3d  are  increased.  After  that,  when  the  thermometer  15a  indicates  a  value  lower  than 
the  predetermined  value,  the  shutoff  valve  16a  is  opened,  so  that  the  volume  of  burning  support  gas  in  the  upper  stage 

5  is  returned  to  the  initial  value. 
When  the  volume  of  burning  support  gas  in  the  upper  stage  blown  into  the  furnace  is  controlled  as  described 

above,  it  is  possible  for  the  charged  materials  to  come  down  stably,  and  heat  exchange  can  be  sufficiently  conducted 
between  gas  and  the  charged  materials.  In  a  portion  where  the  charged  materials  are  not  stably  coming  down,  a  large 
quantity  of  heat  accumulates.  Therefore,  when  a  volume  of  burning  support  gas  in  the  upper  stage  is  decreased,  a 

10  quantity  of  generated  heat  is  decreased,  so  that  the  furnace  can  be  thermally  balanced. 
Fig.  4  is  a  time  chart  of  another  example  of  the  present  invention. 
In  Fig.  4,  a  method  of  operation  is  shown  in  which  a  volume  of  burning  support  gas  of  the  upper  stage  blown  out 

from  each  tuyere  of  the  upper  stage  is  periodically  increased  and  decreased  for  the  purpose  of  stabilization  of  furnace 
operation  by  making  the  charged  materials  come  down  uniformly  in  the  furnace.  At  the  start  of  blowing  gas,  upper  stage 

15  burning  support  gas  is  not  blown  from  the  upper  stage  tuyere  3a,  but  the  same  volume  of  upper  stage  burning  support 
gas  is  blown  into  the  furnace  from  each  of  the  remaining  upper  stage  tuyere  3b,  3c,  3d.  Then,  after  a  predetermined 
period  of  time  has  passed,  usually,  after  10  minutes  have  passed,  blowing  of  upper  stage  burning  support  gas  from  the 
upper  stage  tuyere  3b  is  stopped,  and  at  the  same  time,  blowing  of  upper  stage  burning  support  gas  from  the  upper 
stage  tuyere  3a  is  started.  Further,  after  a  predetermined  period  of  time  has  passed,  blowing  of  upper  stage  burning 

20  support  gas  from  the  upper  stage  tuyere  3c  is  stopped,  and  at  the  same  time,  blowing  of  upper  stage  support  gas  from 
the  upper  stage  tuyere  3b  is  resumed.  Further,  after  a  predetermined  period  of  time  has  passed,  blowing  of  upper  stage 
burning  support  gas  from  the  upper  stage  tuyere  3d  is  stopped,  and  at  the  same  time,  blowing  of  upper  stage  support 
gas  from  the  upper  stage  tuyere  3c  is  resumed.  The  above  motions  are  periodically  conducted.  In  spite  of  stoppage  of 
blowing  gas  from  each  upper  stage  tuyere  3a  to  3d,  a  total  volume  of  gas  blown  out  from  the  upper  stage  tuyeres  per 

25  unit  time  can  be  maintained  constant. 
For  example,  in  the  case  of  a  waste  melting  furnace,  the  throughput  of  which  was  20  ton/day,  the  number  of  tuyere 

stages  of  which  was  2,  and  the  number  of  tuyeres  of  which  was  4  piece/stage,  a  total  volume  of  400  Nm3/hour  of  upper 
stage  burning  support  gas  was  blown  into  the  waste  melting  furnace  successively  from  the  upper  stage  tuyeres  3a  to 
3d  for  10  minutes,  and  after  that  burning  support  gas  was  stopped.  The  above  pattern  was  repeated  several  times.  As 

30  a  result  of  the  above  operation  of  the  melting  furnace,  waste,  the  composition  of  which  was  relatively  uniform,  was  effec- 
tively  disposed  of. 

However,  in  the  case  of  disposing  waste,  the  composition  of  which  was  remarkably  non-uniform,  the  charged  mate- 
rials  did  not  come  down  uniformly,  so  that  the  indication  of  the  thermometer  exceeded  a  predetermined  value.  Accord- 
ingly,  operation  of  the  melting  furnace  was  conducted  as  follows  so  as  to  operate  the  furnace  stably.  A  volume  of  upper 

35  stage  burning  support  gas  of  the  upper  stage  tuyere  3a  was  decreased  by  the  shutoff  valve  1  6a.  After  that,  when  the 
indication  of  the  thermometer  15a  was  changed  to  a  value  lower  than  the  predetermined  value,  the  volume  of  upper 
stage  burning  support  gas  was  adjusted  by  the  shutoff  valve  1  6a  in  accordance  with  the  above  pattern.  In  this  way,  the 
waste  melting  furnace  was  operated  stably.  Concerning  the  upper  stage  tuyere  3d,  operation  was  conducted  in  the 
same  manner,  that  is,  when  the  indication  of  the  thermometer  1  5d  was  changed  to  a  value  higher  than  the  predeter- 

40  mined  value,  the  volume  of  upper  stage  burning  support  gas  of  the  upper  stage  tuyere  3d  was  decreased  by  the  shutoff 
valve  16d. 

When  cavities  are  generated  in  the  melting  furnace,  reduction  of  a  period  of  time  necessary  for  filling  the  cavities 
with  charged  materials  can  be  more  effectively  attained  by  decreasing  the  volume  of  upper  stage  burning  support  gas 
so  as  to  decrease  a  buoyancy  given  to  the  charged  materials,  than  by  increasing  the  volume  of  upper  stage  burning 

45  support  gas  so  as  to  increase  the  treatment  speed  of  the  charged  materials. 

INDUSTRIAL  APPLICABILITY 

When  the  present  invention  is  applied  to  the  waste  melting  furnace,  heat  energy,  which  has  been  uneconomical^ 
so  emitted  into  exhaust  gas  in  the  case  of  a  melting  furnace  of  the  prior  art,  can  be  effectively  utilized  for  the  reaction  con- 

ducted  in  the  furnace.  Therefore,  it  is  possible  to  decrease  quantities  of  various  auxiliary  materials.  Further,  charged 
materials  can  be  uniformly  made  to  come  down  in  the  melting  furnace.  Even  when  cavities  are  generated  in  the  furnace, 
it  is  possible  to  stop  the  charged  materials  from  not  uniformly  coming  down  in  the  furnace,  and  further  it  is  possible  to 
stop  a  failure  of  heat  exchange  between  the  charged  materials  and  a  gas  which  is  caused  by  a  local  concentrated  of 

55  the  gas  flow  in  the  furnace. 
Even  when  heat  exchange  can  not  be  sufficiently  conducted  due  to  the  generated  cavities,  it  is  possible  to  suppress 

the  generation  of  heat  by  decreasing  the  volume  of  upper  stage  burning  support  gas.  Therefore,  the  temperature  of  the 
gas  can  be  decreased.  Accordingly,  refractories  on  the  furnace  wall  can  be  prevented  from  being  locally  heated,  and 
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life  of  the  apparatus  can  be  extended. 
According  to  the  present  invention,  even  when  a  gas  flow  is  concentrated  in  the  furnace  and  a  quantity  of  heat 

exchanged  between  waste  and  gas  is  lowered,  it  is  possible  for  the  furnace  to  quickly  recover  from  the  above  undesir- 
able  condition,  and  the  treatment  speed  of  waste  can  be  increased,  on  average.  Further,  it  is  possible  to  minimize  the 

5  cross-sectional  area  of  the  waste  melting  furnace.  Therefore,  the  apparatus  can  be  made  compact. 
Even  when  a  concentrated  gas  flow  is  generated  in  the  furnace,  it  is  possible  to  quickly  solve  the  problem  caused 

by  the  concentrated  gas  flow,  and  the  operation  can  be  conducted  stably.  Therefore,  in  the  case  where  a  power  gener- 
ating  apparatus  including  a  boiler  and  turbine  is  installed,  energy  can  be  effectively  recovered,  and  the  power  generat- 
ing  efficiency  can  be  enhanced  on  average.  In  this  way,  energy  can  be  saved. 

10 
Claims 

1  .  A  melting  method  for  waste  in  which  waste  containing  combustible  substance  and  carbonic  massive  combustibles 
are  fed  from  an  upper  portion  of  a  furnace,  packed  layers  of  charged  waste  having  zones  of  drying,  heat  decom- 

15  posing  and  burning-melting  are  formed  in  the  furnace,  melted  waste  is  discharged  from  a  lower  portion  of  the  fur- 
nace,  and  combustible  gas  is  discharged  from  an  upper  portion  of  the  furnace,  the  melting  method  for  waste 
comprising  the  steps  of: 

arranging  a  plurality  of  stages  of  lower  tuyeres  in  the  burning  and  melting  zone; 
20  burning  mainly  carbonic  massive  combustibles  by  feeding  lower  stage  burning  support  gas  (containing  oxy- 

gen); 
arranging  a  plurality  of  stages  of  upper  tuyeres  at  the  upper  positions  of  the  lower  tuyeres; 
feeding  oxygen  at  1  30  to  600  Nm3  per  one  ton  of  waste,  contained  in  both  the  upper  and  the  lower  stage  burn- 
ing  support  gas  when  a  portion  of  waste  is  burned  by  feeding  upper  stage  burning  support  gas; 

25  feeding  upper  stage  burning  support  gas  from  the  upper  stage  tuyeres  so  that  a  ratio  of  the  quantity  of  oxygen 
fed  from  the  upper  stage  tuyeres,  to  the  total  of  the  quantities  of  oxygen  fed  from  both  the  upper  and  the  lower 
stage  tuyeres  can  be  0.2  to  0.8; 
controlling  a  quantity  of  oxygen  fed  from  the  lower  stage  tuyeres  so  that  a  quantity  of  oxygen  fed  from  the  lower 
stage  tuyeres  can  be  not  less  than  0.8  times  of  the  theoretical  oxygen  quantity  of  carbonic  massive  combusti- 

30  bles;  and 
maintaining  the  temperature  of  exhaust  gas  on  the  packed  layers  to  be  1  50  to  700°C. 

2.  A  melting  method  for  waste  according  to  claim  1  ,  wherein  the  temperature  of  exhaust  gas  on  the  packed  layers  is 
controlled  by  adjusting  the  thickness  of  the  packed  layers. 

35 
3.  A  melting  method  for  waste  according  to  claim  1,  wherein  a  quantity  of  burning  support  gas  from  the  plurality  of 

upper  stage  tuyeres  arranged  in  the  cross-sectional  direction  of  the  waste  melting  furnace  is  controlled  by  measur- 
ing  temperatures  in  the  waste  melting  furnace  with  a  plurality  of  thermometers  arranged  in  the  cross-sectional 
direction  of  the  shaft  section  of  the  waste  melting  furnace  and  also  with  thermometers  arranged  in  a  plurality  of 

40  stages  in  the  perpendicular  direction,  and  the  quantity  of  burning  support  gas  of  the  upper  stage  tuyeres  is  adjusted 
when  the  detected  temperatures  are  out  of  predetermined  ranges. 

4.  A  melting  method  for  waste  according  to  claim  1  ,  wherein  the  oxygen  concentration  of  a  lower  stage  burning  sup- 
port  gas  is  not  lower  than  30%,  and  the  oxygen  concentration  of  an  upper  stage  burning  support  gas  is  not  higher 

45  than  21%. 

5.  A  melting  method  for  waste  according  to  claim  1  ,  wherein  the  content  of  carbon  in  the  carbonic  massive  combusti- 
bles  is  not  less  than  30  dry%,  and  the  content  of  ash  in  carbonic  massive  combustibles  is  not  more  than  70  dry%. 

so  6.  A  melting  method  for  waste  according  to  claim  2,  wherein  the  thickness  of  the  packed  layers  satisfies  the  following 
expression. 

H/D  >  1 

55  where 

H:  thickness  of  the  packed  layers,  which  is  the  height  (m)  from  the  center  of  the  end  of  the  lower  stage  tuyere 
to  the  upper  end  of  the  packed  layers  and 
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D:  minimum  inner  diameter  (m)  of  the  furnace,  which  is  usually  the  inner  diameter  of  the  furnace  in  the  burning 
and  melting  zone  in  the  furnace  bottom  section. 
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